The comparative virulence of six different strains of Absidia corymbifera for cortisone-treated and untreated Swiss mice was determined. Spores of the six strains were inoculated into mice by the intravenous, intraperitoneal, and intranasal routes. All six strains were found to be virulent in cortisone-treated and untreated mice by the intravenous route. Up to a 16-fold difference in strain virulence was observed for cortisone-treated mice and up to a 10-fold difference for untreated mice. When spores were administered by the intraperitoneal route, 50% lethal dose values could be calculated only for the cortisone-treated mice, although a few deaths were seen in untreated mice challenged with 107 spores. Each of the six isolates of A. corymbifera, when administered in an intranasal dosage of 106 spores, produced death in some cortisone-treated mice. Studies made to determine the viability of spores produced by each strain revealed that germination was 90% or greater on Littman and YpSs agars at an incubation temperature of 40°C in less than 12 h.
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Absidia corymbifera (Cohn) Saccardo and
Trotter is one of a number of Mucorales species that have been identified as etiological agents of mucorymcosis (1). This species has been subject to considerable taxonomic study; 44 previously described species have been reduced by Ellis and Hesseltine (7) to synonomy with two species, A. corymbifera and Absidia ramosa. Nottebrock et al. (14) later reduced A. ramosa to synonomy with A. corymbifera.
In many of the experimental models employing A. corymbifera for the study of mucormycosis, challenge dosages for animals appear to have been chosen arbitrarily, with little or no attempt being made to deal with the infectious dosage in a quantitative manner. Corbel and Eades (3) commented only briefly on the effect that the source of an A. ramosa isolate might have on the pathogenicity of the isolate for mice. They felt that there was little difference in the virulence of A. ramosa isolates which were tested intravenously. Corbel and Eades also investigated the acquired immunity developed in mice in response to experimental mucormycosis (4), in addition to determining the susceptibility of mice to experimental infections with A. ramosa (5) . In neither of these two studies, however, was spores for cortisone-treated mice.
The present study was designed to determine whether an isolate-related virulence exists for six strains ofA. corymbifera inoculated into mice by the intravenous, intraperitoneal, and intranasal routes and to quantitate the LD5o values for the intravenous and intraperitoneal routes.
MATERIALS AND METHODS
Experimental design. Ten groups of mice, each group consisting of five males and five females, were used for each intravenous experiment. Five of the ten groups received cortisone treatment to increase susceptibility to infection. Four cortisone-treated and untreated groups were inoculated intravenously via the lateral tail vein with 102, 103, 104, or 105 spores in 0.1 ml of saline. One group of cortisone-treated and one group of untreated animals served as controls and were inoculated intravenously with 0.1 ml of saline.
The intraperitoneal experiments were similar to the intravenous experiments in design, except that groups of six cortisone-treated and six untreated mice, each group composed of three males and three females, received graded dosages of 105, 106, or 107 spores in 0.1 ml of saline. In the intranasal experiments, one group of 10 male cortisone-treated mice and one group of 10 male untreated mice received challenge doses of approximately 106 spores in 0.03 ml of saline. These mice were lightly anesthesized with ether before spores were administered to the nares. The intraperitoneal and intranasal experiments also included groups of cortisone-treated and untreated mice which served as controls and received sham inocula of saline.
Observations were carried out over a period of 30 days, during which the mice were allowed free access to food and water. Animals were checked at least twice a day, and deaths were recorded on a daily basis. Necropsies were performed on all animals that died, as well as on challenged survivors that were sacrificed after the 30-day observation period. Evidence of infection by the challenge organism was determined by microscopic observation of tissues for the presence of hyphae and by incubation of tissue specimens on potato-dextrose agar at 37°C. Tissues examined at necropsy were taken from the brain, heart, liver, spleen, kidneys, and lungs. Slides were prepared by placing a piece of each organ in a drop of 10% KOH combined with a drop of blue-black ink (Parker) and crushing the piece under a cover slip.
Fungus strains. The six strains of A. corymbifera tested were provided by J. J. Ellis and came from the culture collection maintained by the Northern Regional Research Laboratories at Peoria, Ill. Strain 2981 was isolated from soil and has been designated the neotype of the species by Ellis and Hesseltine (7). Strain 6249 was isolated from a calf with stomatitis, and strains 6248, 6250, 6251, and 6252 were clinical isolates from human beings.
Mice. Animals used for this study were The spore suspension was centrifuged, and the spore pellet was washed three times in sterile 0.15 M NaCl to remove residual medium.
Counts to determine the number of viable spores in suspensions prepared for injection were obtained as follows. Three separate serial dilutions of the spore suspensions were prepared, and each of the three dilution series-was plated in triplicate. Each sample was pipetted into a sterile petri dish, to which melted Littman agar (12) was added and allowed to solidify.
Littman agar was employed to slow the radial spread of fungus hyphae, allowing for the formation of discrete colonies. The agar plates were incubated at 400C. The stock spore suspensions were checked for bacterial contamination by plating a sample onto blood agar. The remaining spore suspension was stored at 40C until viability counts were available. The effect of storage at 40C for 24 h on spore germination was also determined.
Spore germination. Each strain ofA. corymbifera was examined individually for spore germination by microscopic observation of the spores on the surface of Littman agar. Since it was not known whether Littman agar had an effect on spore germination, identical studies were carried out on YpSs agar to compare the percentages of spore germination on each medium. Spore suspensions were prepared as described above, and 0.1-ml volumes of saline containing 104 spores (based on hemacytometer counts) were spread with a glass rod over the surface of petri dishes (60 by 15 mm) containing 9 ml of Littman or YpSs agar. A number of plates were prepared and incubated at 400C. Initially, a pair of plates was removed at 2-h intervals, and growth was stopped by inverting the dishes over formaldehyde-soaked filter paper. Once spore germination had begun, pairs of plates were checked at 1-h intervals. A minimum of 250 random spores were examined on each of two plates, and the results were expressed as the percentage of spores showing the formation of a germ tube.
Steroid treatment. Cortisone acetate (Merck, Sharp & Dohme) was administered to the animals by subcutaneous injection. A solution containing 10 mg of cortisone acetate per ml was prepared, and five 0.1-ml doses were administered to each animal. The schedule for cortisone treatment (13) involved administration of the first dose 24 h before challenge, followed by four additional cortisone injections at 48-h intervals.
Virulence determination. Virulence of individual fungus strains in mice infected intravenously and intraperitoneally was determined on the basis of LD50 values over a 30-day observation period. LD5o values were calculated by the method of Spearman and Karber (9) . ET50 values (the time in days required for 50% of the animals to die from a given infectious dose) were used to compare the virulence of individual strains of A. corymbifera administered intravenously in cortisone-treated and untreated mice. The ET50 values were calculated by the method of Litchfield (11) .
RESULTS
The LD50 values for intravenous and intraper- Tables 1 and 2 . A range in virulence was seen for the six-strains of A. corymbifera with both the intravenous and intraperitoneal routes of challenge. In the intravenous series of experiments (Table 1) , the LD50 values for untreated mice ranged from 1.4 x 104 to 13.8 x 104 spores, and for the cortisone-treated mice, the LD5o values ranged from 0.4 x 103 to 6.6 x 103 spores. The differences in LD5o values between cortisone-treated and untreated mice for each strain tested intravenously was significant at P =0.001.
For the intraperitoneal series of experiments with A. corymbifera ( The use of blue-black ink-10% KOH crush preparations of tissues provided a fast and simple method for determining which organs contained invading hyphae. Figure 1 shows hyphae of A. corymbifera in kidney tissue. In the intravenous series of experiments, hyphae usually were observed in the brains of untreated animals that died and sometimes also in the kidneys. In the cortisone-treated animals, hyphae were seen most often in the brains and kidneys and occasionally in the hearts and lungs when the larger dosages of 104 and 105 spores were used for challenge. Hyphae usually were found in the kidneys of animals that died from the 102-and 103-spore dosages. In the intraperitoneal series of experiments, hyphae were seen in the kidneys of all the animals that died and sometimes in the spleens of cortisone-treated animals. In the cortisone-treated animals that died from intranasal infections, hyphae were seen in the lungs and occasionally in the brains or kidneys. A. corymbifera could be subcultured from organs of dead animals in which hyphae were observed, as well as from organs in which hyphae were not seen.
After the 30-day observation period for each experiment, all surviving animals were sacrificed, and cultures were made of the organs. In the mice challenged intravenously or intraperitoneally, A. corymbifera often could be recovered from some organs, usually from the spleens and livers. Occasionally, unilateral kidney infections were seen in some of the surviving mice, and the presence of A. corymbifera was confirmed by microscopic observation and by culture. In the intranasal series of experiments, 46 cortisone-treated animals were necropsied and 8 had positive lung cultures, 10 had positive brain cultures, and 7 had positive brain and lung cultures both, whereas A. corymbifera was not isolated from 21 animals. Of the 60 untreated mice necropsied, 23 had positive lung cultures, 6 had positive brain cultures, and 5 had positive brain and lung culture both, whereas A. corymbifera was not isolated from 26 -animals. All control animals survived the 30-day observation period, and cultures made from their organs were negative for A. corymbifera.
In Table 5 and found that only the kidneys of untreated animals were infected. In addition, he found that hyphae were present in the livers, lungs, and kidneys of cortisone-treated animals and that spore germination was much slower in the liver than in the lungs or the kidneys. The results of our study also demonstrate that cortisone-treated animals experience hyphal invasion more widespread than that experienced by untreated animals. At the larger dosages of 10' and 105 spores administered intravenously, hyphae were observed in the brains and kidneys of untreated mice and the brains, kidneys, and occasionally the hearts and lungs of cortisonetreated mice. Perhaps even more interesting was the high percentage of recovery of A. corymbifera from the organs of dead animals subcultured onto potato-dextrose agar that was incubated at 370C. Baker (2) has stated that the etiological agent is isolated from only about 16% of those patients suspected of having mucormycosis. One could speculate that many of these unsuccessful attempts to isolate the fungus were made with biopsy specimens taken from living patients. In our study, major organs were not removed for subculturing until the animals had died; yet, A. corymbifera was recovered from nearly 100% of the animals, including those animals in which tissue autolysis had begun to occur. One possible explanation for our success in isolating the etiological agent may be that the cultures were incubated at 370C. Since growth of A. corymbifera occurs at a much faster rate at 370C than at room temperature, the fungus was able to grow out of the organs and colonize the plate even when bacterial contamination was present.
It was of interest also that A. corymbifera could be isolated, in some instances, from organs such as the spleen and liver, in which hyphae were not observed. This was true regardless of whether the animals died from infection or were sacrificed and necropsied after the 30-day observation period. Smith and Jones (17) reported that although A. ramosa spores are eliminated from the lungs of the host by 4 days after intravenous challenge, no such elimination appears to occur in the spleen or liver. Corbel and Eades (6) found that the liver and spleen contain substances which appear to inhibit germination of A. corymbifera spores in vitro. It may be that these inhibitory substances prevent germination but allow viable spores to persist up to a month or more in these two organs.
The ET5o values for the intravenous series of experiments reveal that a critical dose size is necessary to produce a 50% lethal response in a group of mice. The spore dosage must be large enough to establish an acute infection in the animals and produce death in a relatively short period of time, or death usually will not occur. Chronic infections were sometimes seen in the surviving challenged animals, and these usually were characterized by a unilateral kidney infection. At necropsy after the 30-day observation period, A. corymbifera hyphae could be observed, and the fungus was subcultured from the unilaterally infected kidneys.
Intranasal infections were successfully established with all six isolates of A. corymbifera, a finding which reflects what is thought to be the natural route of infection. Among the six isolates tested in this study, isolate 2981, the same isolate with which Reinhardt et al. (15) 
